Background: Environmental and genetic factors possibly trigger thyroid autoimmunity. Studies on perinatal risk factors for childhood thyroid autoimmunity are sparse. Objectives: The aim was to investigate if perinatal factors, family history of autoimmune diseases, and HLA-DQ genotypes contribute to thyroid autoimmunity in the Diabetes Prediction in Skåne (DiPiS) study. Methods: Samples from 1,874 ten-year-old children were analyzed for autoantibodies to thyroid peroxidase (TPOAb), thyroglobulin (TGAb), and HLA-DQ genotypes. Information on perinatal events and family history of autoimmunity was gathered prospectively in questionnaires. Results: Thyroid autoimmunity was found in 6.9% of the children (TPOAb 4.4%, TGAb 5.8%, both autoantibodies 3.3%) and was overrepresented in girls. Prematurity was positively related to TGAb (OR: 2.4, p = 0.003, p c = 0.021). Autoimmune diseases in the family increased the risk of thyroid autoimmunity: TPOAb (OR: 2.2, p = 0.012), any autoantibody (OR: 1.7, p = 0.04), and both autoantibodies (OR: 2.2, p = 0.024). A first-degree relative (FDR) with thyroid disease increased the risk for TPOAb (OR: 2.4, p = 0.03) and both autoantibodies (OR: 2.6, p = 0.03), a FDR or sibling with celiac disease increased the risk for both autoantibodies (OR: 3.7, p = 0.03, and OR: 4.8, p = 0.003), a FDR or sibling with diabetes increased the risk for thyroid autoantibody (OR: 3.0, p = 0.01, and OR: 5.4, p = 0.032), and a father with rheumatic disease increased the risk for TPOAb (OR: 15.2, p = 0.017), TGAb (OR: 11.3, p = 0.029), any autoantibody (OR: 9.6, p = 0.038), and both autoantibodies (OR: 20, p = 0.01). Conclusions: Thyroid autoimmunity was found in 6.9% of the 10-year-old children who were being followed for their risk of type 1 diabetes. No relation to perinatal factors was found, with the exception of a possible association between prematurity and TGAb. Family history of autoimmune diseases increased the risk of thyroid autoimmunity.
Introduction
Thyroid autoimmunity is characterized by lymphocytic infiltration of the thyroid gland and is caused by loss of immune tolerance to thyroid antigens and production of autoantibodies to thyroid peroxidase (TPOAb), thyro-globulin (TGAb), and the TSH receptor [1] . Thyroid autoimmunity may cause cellular damage and result in autoimmune thyroid disease (AITD), with two opposing clinical phenotypes: autoimmune hypothyroidism and Graves' hyperthyroidism. Autoimmune hypothyroidism, characterized by the presence of TPOAb, TGAb, or both, in combination with suppressed thyroid function, is by far more common than Graves' hyperthyroidism [2] . Childhood autoimmune hypothyroidism is more common in girls, with peak incidence in early or mid-puberty [3] . Early diagnosis and treatment of the disease are important, as thyroid function is essential for normal growth, puberty, metabolism, well-being, and cognitive development. As the symptoms of AITD can be nonspecific or lacking, or the child may have an enlarged thyroid gland with still normal function [4] , children with other associated diseases such as celiac disease, Turner syndrome, and trisomy 21 as well as children with type 1 diabetes are recommended regular screening [5] [6] [7] [8] [9] .
It is well known that AITD cumulates in families, confirming that genetic predisposition is important [10] . However, as in other autoimmune diseases, yet undefined nongenetic factors are of importance, as found in studies in populations with a similar genetic background but different socioeconomic circumstances [11] and discussed in Wiersinga [12] . Perinatal factors or events during infancy are of special interest, since this period is important for the development of immunological self-tolerance.
Prospective studies on perinatal events and development of thyroid autoimmunity are lacking. The aim of the current study was to investigate the importance of (1) perinatal events, such as maternal age, infections, smoking, alcohol consumption, and stressful events during pregnancy as well as the child's gestational age and size at birth, (2) autoimmune diseases within the family, and (3) HLA-DQ genotypes for thyroid autoimmunity at 10 years of age in children followed in the Diabetes Prediction in Skåne (DiPiS) study. 
Methods

Population
The children in this cohort participate in the DiPiS study, a prospective population-based study in the southern part of Sweden, with the aim to determine the predictive value of genetic risk combined with islet autoantibodies and identify possible environmental factors of importance for type 1 diabetes. Cord blood samples were obtained from 35,688 children from September 2000 to August 2004, and analyzed for type 1 diabetes risk HLA genotypes ( Fig. 1 ) . When the child was 2 months of age, the parents filled out questionnaires about events during pregnancy, delivery, and the first 2 months of life, such as stressful life events (online suppl. material, see www.karger.com/doi/10.1159/000479964), infections, as well as alcohol and smoking habits [13] . Data on diabetes in the family, the child's gestational age, birth weight, and length were recorded. From 2 years of age, children with an increased risk of developing type 1 diabetes, based primarily on HLA genotype, were offered annual follow-up. An additional questionnaire at that time added information on other autoimmune diseases in the family.
Study Group
As shown in Figure 1 , 23,670 children replied to the questionnaires; of those, 3,868 accepted an invitation to continued participation at 2 years of age. In 2015, 2,073 blood samples where available from 10-year-old DiPiS children. Of those, 28 chose not to participate in thyroid autoimmunity testing and 150 samples were not possible to analyze. The remaining 1,874 samples were analyzed for TPOAb and TGAb ( Fig. 2 ). Prospectively collected questionnaire data were correlated to thyroid autoantibodies. Children developing type 1 diabetes before 10 years of age were excluded, since no data on thyroid autoimmunity was available in those ( Fig. 1 ).
TPOAb and TGAb
TPOAb and TGAb were determined in plasma samples using radioimmunoassay kits (art. No. RS-TP/100 and RS-TG/100; RSR Limited, Cardiff, UK).
Levels of TPOAb and TGAb (in U/mL) were derived from the standard curve provided by the supplier. For TPOAb spline point to point curve and for TGAb cubic spline were used. The cutoffs for positive values were >0.30 U/mL for TPOAb and >1.0 U/mL for TGAb, defined using QQ plot analysis (GraphPad Prism 6.03).
HLA Genotyping HLA-DQ genotyping was done on dried blood spots on filters as described [14] . HLA haplotypes were denoted as HLA-DQA*03: 01-B1*03: 02 (DQ8) or HLA-DQA*05: 01-B1*02: 01 (DQ2) and divided into 4 risk groups:
Statistical Analysis
Statistical analyses were performed using SPSS statistical software (version 22.0; SPSS, Chicago, IL, USA). Differences in proportions between groups were tested using the χ 2 test or the Fisher exact test when appropriate. OR with 95% CI were calculated. A p value <0.05 was considered significant. Values for perinatal factors were corrected for multiple comparisons by Bonferroni ( p c ). Since the positive findings were sparse, no multivariate analysis was performed.
Results
TPOAb and TGAb in Relation to Gender
A total of 6.9% (130/1,874) of the 10-year-old children were positive for either TPOAb (83/1,874, 4.4%), TGAb (109/1,874, 5.8%), or both (61/1,874, 3.3%) ( Fig. 2 ) .
Among the 1,874 tested children, 49.7% (931/1,874) were girls. Girls were overrepresented among the TPO-Ab-positive children (62/83, 74.7%) (OR: 3.13, 95% CI: 1.90-5.18, p < 0.001), among the TGAb-positive children (78/109, 71.6%) (OR: 2.55, 95% CI: 1.70-3.83, p < 0.001), and amongst those positive for both TPOAb and TGAb (47/62, 75.8%) (OR: 3.30, 95% CI: 1.83-5.92, p < 0.001). The female to male ratios were 2.95: 1 for TPOAb-positive children, 2.5: 1 for TGAb-positive children, and 3.1: 1 for those positive for both.
TPOAb and TGAb in Relation to Perinatal Events
When investigating perinatal factors, no correlation was found between maternal age, infections during preg- nancy, smoking or use of alcohol during pregnancy, birth weight, or season of birth and development of thyroid autoimmunity at 10 years of age ( Table 1 ) . Neither did reported serious life events ( n = 79 reported events) affect the risk of thyroid autoimmunity. However, being born before 37 weeks of gestation increased the risk for the child to develop TGAb (OR: 2.4, 95% CI: 1.3-4.4, p = 0.003, p c = 0.021), any thyroid autoantibody (OR: 2.0, 95% CI: 1.1-3.5, p = 0.024, p c = 0.17), or both thyroid au-toantibodies (OR: 2.7, CI: 1.3-5.7, p = 0.006, p c = 0.04), while the specific risk for TPOAb was not significantly affected (OR: 1.9, 95% CI: 0.9-4.0) ( Table 1 ) .
TPOAb and TGAb in Relation to Heredity
Data on autoimmune diseases in the family were available in 1,461 of 1,874 children. Thyroid disease was reported in 77 first-degree relatives (FDR) (68 mothers, 9 fathers, 0 siblings) and 210 grandparents. A correlation between having a father with thyroid disease and TPOAb (OR: 6.5, 95% CI: 1.3-32, p = 0.05, Fisher exact test) as well as both thyroid autoantibodies (OR: 8.5, 95% CI: 1.7-42, p = 0.03, Fisher exact test) was found. A likewise association was found between thyroid disease in FDR and TPOAb (OR: 2.37, 95% CI: 1.0-5.4, p = 0.03) as well as both autoantibodies (OR: 2.6, 95% CI: 1.1-6.4, p = 0.03) ( Table 2 ) . In 69 participants, at least 1 relative was reported to have celiac disease (11 mothers, 5 fathers, 22 siblings, 33 grandparents). A positive relation was found between having a sibling (OR: 4.8, 95% CI: 1.4-16.7, p = 0.003, Fisher exact test) or any FDR (OR: 3.7, 95% CI: 1.3-10.9, p = 0.03, Fisher exact test) with celiac disease and thyroid autoantibodies ( Table 2 ) .
A total of 94 children had 1 or more relatives with insulin-treated diabetes (12 mothers, 12 fathers, 11 siblings, 61 grandparents). Children having a sibling (OR: 5.4, 95% CI: 1.4-20.7, p = 0.032, Fisher exact test) or any FDR (OR: 3.0, 95% CI: 1.2-7.5, p = 0.01) with insulin-treated diabetes had an increased risk of developing any thyroid autoantibody ( Table 2 ) .
Rheumatic disease was reported in 30 FDR (25 mothers, 5 fathers, 0 siblings) and 201 grandparents. Two of the 5 children to fathers with rheumatic disease were positive for both autoantibodies, and an increased risk of developing TPOAb (OR: 15.2, 95% CI: 2.5-93, p = 0.017), TGAb (OR: 11.3, 95% CI: 1.9-69, p = 0.029), any thyroid autoantibody (OR: 9.6, 95% CI: 1.6-57.9, p = 0.038), and both autoantibodies (OR: 20, 95% CI: 3.3-122.4, p = 0.01) was found if the father reported rheumatic disease (Fisher exact test) ( Table 2 ) .
A total of 177 children reported one or more FDR with any autoimmune disease (thyroid disease, insulin-treated diabetes, celiac disease, Addison disease, B 12 deficiency, or rheumatic disease). Having a FDR with an autoimmune disease increased the risk for TPOAb (OR: 2.2, 95% CI: 1.2-4.0, p = 0.012), any autoantibody (OR: 1.7, 95% CI: 1.0-3.0, p = 0.04), and both autoantibodies (OR: 2.2, 95% CI: 1.1-4.3, p = 0.024) ( Table 2 ). Since only few reported B 12 deficiency, myasthenia gravis, and Addison disease, analyses were therefore not performed for these diseases separately.
TPOAb and TGAb in Relation to HLA-DQ Genotypes
None of the DQ2/8, DQ2/2, DQ2/X, DQ8/8, DQ8/X , or DQ X/X genotypes were associated with TPOAb, TGAb, alone, or in combination (data not shown).
Discussion
In this study, we analyzed the effect of perinatal factors on the risk of thyroid autoimmunity in a large, prospectively followed cohort of 1,874 children participating in the DiPiS study, finding no consistent association between any of the studied factors and thyroid autoimmunity at 10 years of age. Of the factors investigated, only prematurity was found to be associated with TGAb, any thyroid autoantibody, or both of the thyroid autoantibodies, but not specifically with TPOAb.
Additionally, we investigated if autoimmune diseases within the family affected the risk of thyroid autoimmunity, finding an increased risk in children with a FDR or a father with thyroid disease, a FDR or sibling with celiac disease or diabetes, a father with rheumatic disease, or a FDR with any autoimmune disease.
To our knowledge, prematurity has not been found to be a risk factor for TGAb in earlier studies, although a large nationwide study in Sweden found that prematurity increased the risk for levothyroxine or liothyronine prescription in young adulthood [15] . However, TGAb have not been found to be pathogenic [16] or predictive for later thyroid disease [8, 17] in previous studies. Therefore, the interpretation of our positive association between prematurity and TGAb is uncertain.
We did not find any association between birth size, season of birth, or infections during pregnancy and thyroid autoimmunity. Previous studies on the influence of birth size on thyroid autoimmunity and disease in adults are conflicting [15, [18] [19] [20] , as is the effect of season of birth [21, 22] . One study on maternal gestational infections found that mothers to children with AITD were more likely to be enterovirus IgM-positive at partum [23] .
To our knowledge, there are no previous data on maternal smoking or alcohol habits during pregnancy and the offspring's risk of thyroid autoimmunity, while various studies have found smoking to increase risk for Graves' disease and decrease the risk of hypothyroidism [24, 25] . In our study, no effect of alcohol or smoking during pregnancy on the risk for the child to develop thyroid autoimmunity could be found.
Stress has been reported to provoke Graves' disease [26] , while no relation has been found for hypothyroidism. Studies of stress during pregnancy in relation to thyroid autoimmunity in the child are lacking. In the current study, which gathered information on stress prospectively, no relation was found.
The children participating in the DiPiS study were invited based on medium-to high-risk HLA-DQ genotypes Eur Thyroid J 2017;6:298-306 DOI: 10.1159/000479964 for type 1 diabetes [14] , although some children with neutral-risk alleles were included in the study. Studies on HLA alleles in AITD have been less conclusive than in type 1 diabetes, particularly regarding hypothyroidism. Although it is well known that AITD and type 1 diabetes cumulate in families, the HLA-DQ alleles do not appear to be the same in the two diseases. The fact that we could not confirm the previously reported association between HLA-DQ2 and thyroid autoimmunity [27, 28] may in part be due to the population that was selected for type 1 diabetes risk, which is a limitation of the study. In a type 1 diabetes population, we and others previously found that the genotype HLA-DQ 5.1 was protective for both thyroid autoimmunity [29, 30] and later thyroxine treatment [8] . Since HLA-DQ genotypes were not full-typed in the DiPiS study, we could not confirm this finding [31] .
AITD are often found in families with autoimmune diseases. In this study, we confirmed that having a sibling or FDR with diabetes or a father or FDR with thyroid disease increases the risk for thyroid autoimmunity. Since the cas- es were few, statistical analyses were difficult. Moreover, hereditary information was not updated after the child turned 2 years old, which may result in underestimation of FDR with autoimmune diseases. Although the numbers are low, it is interesting that fathers with thyroid or rheumatic disease are more likely than mothers to have children with thyroid autoimmunity, as it is well known that fathers with type 1 diabetes are more likely to transfer diabetes to their offspring than mothers [32] . Worth mentioning is a positive relation between TPOAb and celiac disease in a sibling, since thyroid autoimmunity is more common in children with celiac disease compared to healthy children [33] and FDR of patients with celiac disease have more other autoimmune diseases, like AITD [34] .
A major limitation of our study is that children diagnosed with type 1 diabetes within the DiPiS study before the age of 10 years are not included, due to lack of information on their thyroid autoimmunity status. Thereby various cases and lack of information on hereditary autoimmunity are probably missing.
The strength of this study is the large cohort of children followed prospectively form birth with information on genetic and prenatal factors and hereditary disease. Since the children are followed prospectively until 15 years of age, we will be able to do further testing at a higher age, probably with increasing frequency of thyroid autoimmunity.
In summary, thyroid autoimmunity in 10-year-old children was generally not related to perinatal factors, other than a possible association between prematurity and TGAb. The children positive for thyroid autoimmunity were more likely to have FDR with autoimmune disease, fathers with thyroid or rheumatic disease, or siblings with celiac disease.
